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This invention relates broadly to the conversion 
of mass to energy through certain nuclear reac- 
tions, and more particularly it relates to an 
improved nuclear fuel element for use in a 
nuclear reactor in which such reactions may be 
maintained. 

The process of nuclear fission is now quite 
well known. Briefly, certain atoms such as U23.i p 
U 23 \ and Pu 23 © will undergo disintegration fol- 
lowing capture of a neutron in their nuclei to 
produce two or more fission products of lower 
molecular weight, and a number of neutrons greater 
than one. The great kinetic energy of the fission 
products is quickly dissipated to varying degrees 
in any ambient material as heat. The net gen- 
eration of neutrons forms the basis for a self- 
sustaining or chain fission reaction. The several 
types of nuclear reactors all involve the dis- 
position of a form of fissionable material as 
a nuclear "fuel" in a reactor with provision for 
removing the heat liberated by flowing some kind 
of coolant through it, and provision for control- 
ling the nuclear reaction and the energy libera- 
tion rate. As the reaction proceeds, the fissionable 
material is gradually consumed and deleterious 
fission products accumulate. Ultimately fresh fuel 
must be added, or reprocessing is required to 
separate fissionable material from the fission 
products. 

The net addition of new fuel can be reduced, 
and in some cases eliminated, if the nuclear 
reaction can be made to produce from a "fertile" 
atom one net new fissionable atom per atom used 
up in the reaction. Th 232 and U 23 * are such 
fertile atoms. Through neutron capture and a 
double beta particle decay Th 232 is converted to U 233 
which is fissionable. Through the same mechanism 
U238 is converted to Pu23» which is also fissionable. 
The presence of these fertile materials in the 
nuclear fuel permits the conversion of non-fission- 
able atoms to fissionable atoms, thus varying de- 
gree of regeneration of fuel can be effected 
simultaneously with consumption of the original 
fissionable charge. 

Of the common fissionable isotopes, XJ233 p IJ236, 
Pu239 ( Pu24i ( which can be produced by neutron 
capture in fertile isotopes, Th232, u 23 *, \jixs t Pu240 
respectively, U 233 has the most desirable nuclear 
properties. The nuclear properties of the fission- 
able isotopes are summarized in Table I. 

Table I 

SOME PROPERTIES OF COMMON FI88IONABLE ISOTOPES 


isotope, Th 232 , to the fissionable isotope U 233 . 

The nuclear reactions involved in the conversion 
of Th 232 in a neutron flux are as f Hows: 


Th«« (n.-y) 


(fi' t 23 min.) 


10 


15 


20 


P««*» <n ( >) 


♦ Paw 


(0T, 27 <U.) 


(0-, 6.7 hr. or I.a min.) 


U» <n,Y> 


fi «aion 


fisaio 



Isotope 

Average Neutrons 

Emitted per 
Thermal Neutron 
Absorbed 

Average Neutrons 

Emitted per 
Resonance Neutron 
Absorbed 



2.28 

2.1 



2.07 

1.7 



2.02 

1.6 



2.18 

2.0 


The number of fast fission neutrons which are 
emittea as a result 01 neuirun au&inv""" «* 
XJ233 i s greater than for any of the other common 
fissionable isotopes. It is also important that 
this quantity is greater for absorption of neutrons 
at both thermal and resonance, r slightly epi- 
thermal, neutron energies. There are, therefor , 
fundamental reasons for converting the fertile 


Th 232 by neutron capture becomes Th 23 * which 
undergoes a p- particle decay to Pa 22 '*. Pa2.r» 

25 has a 27 day half-life and therefore may either 
decay to U«m or may capture a neutron and go 
to Pa23< during this period. The rate at which 
Pa2ia decays, relative to the rate at which it ab- 
sorbs neutrons, strongly effects the efficiency of 

30 the nuclear reaction. In order to understand the 
process, and the disadvantages which are over- 
come by the present invention, it is necessary 
to follow each of the alternate paths of Pa233 
destruction in detail. 

35 If Pa233 decays to U 233 then the fissionable 
isotope U233 may absorb a neutron and either 
fission or give off a gamma ray and transform to 
U23*. Each time U233 absorbs a thermal neutron 
2.28 fast fission neutrons are produced on the 

40 average. These are then free to be absorbed in 
the fertile or fissionable isotopes or in the struc- 
tural materials in the reactor. 

If, instead of decaying, Pa 233 absorbs a neutron, 
it is then transformed to Pa234. Because of the 

45 short half-life of Pa 23 *, the probability that this 
isotope will absorb a neutron is very small and 
therefore, virtually all of the Pa 234 , that is pro- 
duced, rapidly decays to U 234 . U 234 is essentially 
non-fissionable and therefore, it captures a neu- 

50 tron and is transformed to U 235 . The isotope U 23ft 
may then undergo fission; however, its nuclear 
properties are not as good as those of U 233 . 

Thus, effectively two neutrons were lost when 
Pa 233 absorbs a neutron and, in addition, U 235 

55 which is less desirable than U 23 3 i s the end product. 
If the difference between the U 233 and U 23 * isotopes 
is taken into consideration then the total disad- 
vantage when Pa 233 absorbs a neutron instead of 
decaying is approximately 2.2 neutrons. Obviously, 

00 when producing U 233 by neutron irradiation of 
Th 232 , it is highly desirable to reduce neutron 
absorption in Pa 23 *. 

Another problem associated with nuclear reac- 
tors in which Th 9 ** iz employed as a fertile »«»♦*»- 

05 rial relates to the large initial fissionable material 
raquireimentsf The thermal neutron absorption 
cross section of Th232 i s 7 barns (7 x 10" 2 * cm 2 ) 
as compared to 2.75 barns for U 23 ^ th other most 
common fertile isotope. U 233 is not available ex- 

70 cept as produced fr m irradiation x Th 2 * 2 and. 
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therefore, in the past it h h 

» ^^»a^iiK. 0, -ii5 o b r e s^ir ors nl fls 2 b r 

be maintained before sufflc fe£ 5* must • <* fa a 52,?* The P^pal behavior 

containing Th» S t th! Z, ^ Ct0r fuel elem «t 
vided on at least £t , e material and pro- 
neutron "hie d materia? , ther i 0 ' wit * • 
stantial absorptEn of neu 7rZ * ^ * sub ' 14 
spectrum between 5.0 v aS fo the Cnergy 
irradiation of Th« tw£? * e v ' pnor to °» 
containing an isStope of Pu' it "S 0 " shie,d 

ture .^TiS-^ cap- 

vention KSt T ry „° bject °< «* in- ^ 
nrovi „ ,° re Speciflc ob * c t to provide a„ % necessary shielding. " prom Ptly provide 

#\rsas. wife* -* ^fflssy^^'Kft 

It u an «<WIUona! object of ihi, ,„„„,- . "pe ol moderator Se^SSS . ep .i M! °" *• 
improve u,. breedln, MSLy'^S^ men.,, *. , l2e o, CreS "5,, .»n? e,e - 

containing fuel element suitahil vii f h amount depending unn» , ?? tual Preferred 

stantially reduces ¥S? 2 B £^ ,,, K , ? Ven ? ,on subv 00 neu *~n ene^^i?^ ■««. depending upon the 

or near the surface of the Th4 lnco . r P° rate d on 70 temperatures i e i^aT^i? relatively low neutron 

greater in a power reactor 
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. n ~tr..m Therefore the absorption of neutrons to this invention are shown. This element cor- 

it is in y^f^^^^J^^r power ?S I the next outer surrounding layer 36 is the 

"^2 ha me moJ SndSrSwel^trum 5 neutron shield, specifically plutonium, or U»8 which 

reactor, which has the most unaesiraoe j produce plutonium on neutron irradiation, 

from the standpoint o ' Jf ^'ffmaS SurroSnding the shield is cladding 38 serving to 

as any amount of shielding If^"^^^"! "Injures 4 and 5 are shown elevation and trans- 

can be incorporated in the reactor. Ss left open to reduce thermal stresses, or 

M semes »sff- -2 

the 0.05 to 10C ex range * n * n w ° n jnterior p r 0vided the neutron shield layer 46 which contains 

5 t S ne°ffi £2? Sey^are '^ captured in the I —1 concentration -^J^S 

shield and produce fast fission neutrons which are In JL^Trf the tube type which is 
not subject to useless resonance capture in Pa», 26 ^^J^^^erlung coolant such as 

r ^Th? S» U ttS'SSi tf 25 S^TS.'StliS^e. is £-t an additional 

nrou" e h pS to 5- wUhoutStantial neutron shield layer 46. is provided Just inside the inner 

through Pa- to , u wi n Th232 tQ d d j 44 other par ts being denUcal to those 

?$S^^J£«^£^^ uss: l: 30 show ,\ and described in connect,on w 8 

and the neutron utilization efficiency are both 4 and 15. transverse cross section 

neutron shield according to this invention, fh^ fc incentive such as simplified fuel re- 

Ss^otwiss was w . 

and an external shield, „^;A on , vnA fue i element. The fuel plates 48 are secured 

Figure 7 is a similar view of another mod.flca- typ « Yredg« Stween side plates 50 and 52 flow 

tlon of this fuel element, !L«m1i S4 are provided between adjacent fuel 

Figures 8, 9, and 10 present views of a typical channe £ 54 P 0 , ■ coolant or moderator if used. 

plate type fuel element having a neutron shield 66 ^JSJ^ii^S^aA to one another, 

as herein disclosed, and *"? althoueh shown as flat plates in Figure 9, they 

Figure U is a foreshortened vertical cro ss sec- ^^^^Vlf desired. A handling loop 

tion of a commercia scale fuel assembly using may each De c introduction and re . 

*%£Z2fc^ -Figure ! a . ^^ A *£^fitf2 5S KiS 

ffijKMii saasSrS & a££fe and support 

» « ^Fi^ 

surface of vessel 10 toy means not snown are upp« do "7, "r* -- T J.- in _ erm0St i ayer 60 containing uw« 

and lower fuel element support grids 22 and 24, "^J^Stom 62 and 64. The outer 

and supported therebetween are fuel elements 26, is also shown. The 

here shown as cylindrical rods. The fuel elements to™*^" 1 *^* frml tySc.r of this type of 

are spaced apart from one another to Per^oolan ^ ^Jjj** and , t to bonded physically, 

to flow between them. Control rod housing 28 is 70 e " ollin P J , ^ the cladding layers 66 and 68 

attached to reactor 10 and contains the ^rneans for as by ^ 0 \ ro y^ t 2 h t ^closure surrounding the 

actuating control rods 30 which are movable into to formj i^nuwt g^ ^ ^.^ The ^ 

and out of the core. „i 0 »„ is Anally secured to the side plate $2 by 

jsjtss i ^rrj^ssa » est?- — - - - - n - 
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There are several suitable procedures for manu. h., n ^i^ ~* ^ 

factoring the plutonium shielded Th-^ fuel pIp ~ , . S,x surr °"nding a central element. The 

mcnts of the present invention, to some extent fh^t*" 10 " thr0Ugh oriftcc lM in flltin * 90, flows 

varying with the type of fuel element o h nn 8 op ^ n,n « s 106 in the lower spacer plate 

produced. ' 10 bc . 100 > "Pwardly around the fuel elements, through 

The rod-type fuel element of Figures 2 and 3 (h^p" 8 * T, Sh ° Wn ln Spaccr 102 but similar t0 

may be produced by powder metallurgical tech. i„~ A, • 100, nnd outwardly through open- 

niques, by physical bonding of nn annular cylinder in Hf i nB 'art^TT 01 tUb ° 94 and °P cnln * s 110 

of shield material to an interior rod of Th-^, or The fu*i • l.- 

by ceramic technology in which both the Th*« 10 proximately \ \ ? , ,n 0115 modifl «tion are a P* 

and the shield material are in some ceramic form twecn lower cJd Sin^n^"* ,UPP °I^, be " 

such as an oxide or carbide. These are well-known 1U. TheTwer aSK., 1 2 UPP , er end , fl " ln «? 

techniques. The clad is then added and provided 10 feet lonT Th- *♦ UCl e i ement is 8 solid rod 

with suitable end clones by usua. methods of the is provided 8 wS' ."^^aa^ 

The annular type fuel element of Figures 4-7 may upper !ndlui n TnT ^ end fltUng 112 a " d 
be produced by similar methods modified to pro- The inner fertii* .«» . 

vide the interior opening. For example, annular is a 0 40 inch d imfl! V, 22 °i this ' uel e,emtnt 
or tubular dies may be used in conjunction with dei& liSpJ"?!" ^£o2i h ^ ft 
die sleeves and annular liners to build up the 20 layer 124 0 12 neh th U °, nded by shl ? ld 
respective layers prior to final heat treating. Again! ture o IS conta X n* TtT* ^ ° f 3 
the cladding and end closures may finally be added PU*>»0... This in to™ u L*t ?L *l W t' ght , °i 
according to the conventional procedures. 120 which to string L , T ded by the clad 

The plate type fuel element shown in Figures The SS "dfa™ er ot t^t^* ^ ^ 
8 9, and 10 may be produced by hot rolling Three 26 inch. Tbe c^S^X^Si ofT? Suri °£ 
plates, the outer two of which are shield material, sembly elements is 0 ill inch > J f 

and the inner one of which is fertile Th^, by^ of flow channel 94 surroundiJ. 6 °" ts,de d,ameter , 

fabrication techniques. The inner layer of Th^, This fuel assembly is tvDieal It ,£f ■ 

with the adjacent layers of plutonium, or plutonium- 30 core havfng sl? such as emblL, nf ,n a ' cactor 

fheTbo in U ; 9 ^° r "T* ? V ™ ™ y "ex^nTfatfice ^TSSZS^SL^ 

then be inserted in the picture frame of cladding opposite faces and has a 5 5 inrh T™, . . ! 
material. Additional layers of clad are then added ^^^^i"^^^^^^^ 
on each side of the shield layers, and then the composed of 270 hexagon^ gra^fte blocks 10 
2 m C a „°n S ^ b t ly ,!? f ™f '? b ° nd the Clad » inches across the 'aces*and hYwnglemSSullJ 
Lei Tate X "" amC f ° rmmg * fl " id Ught indentati <™ °' recesses along the forners to Jro- 

an? knUT ed h UreS SS • T ™* = '<^^^™ 

SUSTS proS ^£S?£'£££ 40 a^fmet SSfiL£g??£ 

embodying the principles of this invention. ceSrcl££ asscmSy r&Ffi T^dlolt 

It should be understood that although rod and ing is 45,300 pounds total; distributed as 88 9 oounds 

tubular fuel elements of circular cross section and in each fuel assembly of seven fuef deme'JtTSc? 

£?„ hn™ h T Cnl ? K°i rcctan *M lar cross scc - each element containing 12.7 pounds of Tel ] Liquid 

descnbed and illustrated, the 46 sodium coolant is circulated through tWs reactor 

KhSL . this invention are readily applicable at about 52000 gpm. entering at about 700 'F "and 

to other structural shapes of nuclear fuel elements leaving at about 1000'F. The reactor ratlM £ 

having different cross sectional configurations. For 200 mw electrical reactor rating is 

example, fuel elements having eliptical or oval The following data are given to illustrate the 

LtT^ S ? U ° nS C8n bC empl ° yed - C ° effeCt of the neutron shield g of this invention upon 
f a ue ! having geometric shape the performance of a nuclear reactor having Th"" 

m.t d T 1 ^^ P° ly e? nal . cross secti ° n as fertile material in the fuel elements. The reactor 

may also be employed. The invention is not limited used as a basis for comparison is a typical sodfum 

Referln^ fiLn" ^ " ustrated in Fi « ure . 1 - cooled, graphite moderated thermal Jower reaZ 
.hSSS* i y • gUrC a vertica »y 55 "sing oxide fuel. It is operated at an effective 
shortened elevation view ,n cross section of a neutron temperature of about 0.084 e.v. The fertile 
hTnZlfM e t H Ue element assembly utilizing material in the fuel elements is Th^<J, "the fi! 
a^embW *i adLtJ^ '.ThiT !* ™ S sionable material bein « U233 °2- The 'uel elements 
tiSTm the ,ln« «t inoif i nn n 4 eratU ?K are the rod type> ^Proximately 0.6 inch in diam- 
IfiU B u "O?. - 1100 w,t « l»q"» d 60 eter, 10 feet long, and clad with stainless steel. 
«t£ti^Xr1 ♦ a V od,um ' sodium-potassium The initial fuel to mixed oxide atom ratio in the 
™£r a J; Na l C \- etC - a , nd a P**™* ? r , ber y» i "m core is 0.04, and the moderator to mixed oxide atom 
moderator. Sections of the upper and lower fuel ratio is 20. The shield material used in these ex- 
assembly support plates 80 and 82 are shown re- amples is a mixture of natural uranium t>xide 
h^h™^"'"^ m " a J eralor »« Provided wiih 65 which contains 0.72 percem XPSS, a ,m pluiu.uu.u 

channel. The fuel assembly comprises lower coolant b ^ d U ^ ? U ™ g 1 ™ diaU i ? n * n a ™ u , nts which are 
orifice .fitting 90, seated in opening 92 in lower sufficien * t0 reduce the effective Pa233 capture cross 
grid plate 82, structural tube 94 which acts also 70 section in the reac tor from about 190 barns to an 
as the fuel assembly wall and as a coolant flow equivalent of about 46 barns. The effect of the 
director surrounding the fuel elements, assembly neutron shielding of the Pa2S3 containing fertile 
lifting adapted 96 provided with lift fitting 98, material on the integrated neutron multiplication 
typical fuel element support and spacer plates 100 factor at various neutron fluxes and various ext nts 
and 102, and seven fuel elements arranged in a 75 of fuel irradiation ar sh wn below in Tabl II 
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Table II 

VARIATION IN MULTIPLICATION FACTOR, K 


YUw 1 X 10" Klu* 1 X 10'* Klux 4 X 10" 
Extent of - . 


Irmtii/Uion 


No 


No 


No 

mwd/t 

Shield 

Shield 

Shield 

Shield 

Shield 

Shield 

0 

1 . 128 

1.12S 

1.128 

1.128 

1. 128 

1.128 

2000 

1.123 

1.120 

1.118 

1.110 

1.110 

1. 110 

4000 

1.121 

I. lift 

1.10ft 

1.100 

1.105 

1.005 

6000 

i. no 

1.114 

1.103 

1.01)2 

1.004 

1.080 

8000 

1.117 

1.112 

1.0ft8 

1.085 

1.083 

1.006 

10000 

1.115 

1.110 

1.093 

1.080 

1.073 

1.051 


At a flux of Ixl0i3 f the Pa 23 3 exerts very little 
influence upon the change in multiplication factor 
k. However, at higher neutron fluxes the absorp- 
tion of neutrons in Pa 2 ™ becomes increasingly im- 
portant. The difference between the k values for 
fluxes of lxlO" and 4x10" is due to the adverse 
effect of Pa -S3. Comparison of the k values for un- 
shielded fuel elements with those for the shielded 
fuel elements of this invention shows that the 
shielding effect is relatively small at low thermal 
neutron fluxes, but is very appreciable at higher 
fluxes. At a neutron flux of 4x10", the reactor 
with a shielded fuel element has approximately a 
2.0 percent reactivity advantage at 10,000 mwd/t 
over the same reactor with unshielded elements. This 
amount of reactivity is particularly important to 
increase the reactor lifetime at long fuel irradiations. 
The reactivity advantage of neutron shielding the 
Th 232 fertile material according to this invention 
is clearly shown. 

The following data show the gain in discharge 
cycle conversion ratio (D.C.R.) i.e., the number of 
fissionable atoms produced per -fissionable atom 
destroyed at 10,000 mwd/t irradiation, with varia- 
tion in neutron flux and showing the effect of 
fertile material shielding according to this inven- 
tion. Again the shielding improvements are more 
pr nounced at higher neutron fluxes. 

Takli III 
VARIATION IN D.C.R. 


Neutron Flux Shield No Shield 


1 X 10" 0.705 0.700 

4 X 10** 0.715 0.697 

1 X 10' « 0.723 0.695 

4X10'* 0.734 0.688 


The improvement in conversion ratio at an average 
neutron flux of 4x10" is 5 percent at 10,000 mwd/t. 
Although the above data relate to fuel elements 
provided with a shield composed of natural uranium 
enriched with plutonium according to this inven- 
tion, an improvement is also realized when the 
shield is made up of depleted uranium and pluto- 
nium, depleted uranium and U 233 , or natural ura- 
nium slightly enriched with U 235 . 

The shielded Th 23 2 fuel elements of this inven- 
tion have been found to provide another distinct 
advantage over unsnieided Th*** £uel elements, «nd 
this involves the change in reactivity with time. 
A U 238 convertor provides an initial increase in 
reactivity after start-up due to the relatively rapid 
buildup of Pu 230 with its high fission cross section. 
This is followed, however, by a decline due to 
saturation of the plutonium production, burnup of 
fuel, and buildup of fission products. The Th 232 
convertor initially started on U 23 « exhibits an initial 
decrease in reactivity due to fuel burnup and 
buildup of 'fission products during the time in which 
the Pa 233 is slowly building up. This is followed 
first by a slight r activity increase du to buildup 


10 

of U 233 with its higher value of y\, and then a gradual 
decrease due to saturation of the IP 33 production 
and buildup of fission products. Therefore, a blend- 
ing of U- ;tH and Th 23 - as fertile materials in the 
5 initial fuel load effectively balances these reactivity 
change effects against one another and permits 
longer term irradiations. In addition, such blending 
decreases the initial fuel inventory requirements 
because of the lower thermal neutron cross section 
10 of U 23tt . Subsequent fuel loadings each have suc- 
cessively higher Th 232 concentrations so that finally 
Th 232 is the primary fertile material. During the 
continuance of the fuel cycle the initial U 23 & is 
burned up and the U 2 33 and plutonium which are 
15 produced are separated and recycled to supply 
the required fissionable material. Thus, two ad- 
ditional advantages are realized; the initial in- 
ventory requirements of fissionable material which 
are required to reach the equilibrium recycle 
20 condition are reduced, and the initial cost of 
U 235 is decreased since it is not required to separate 
the U 235 from U 23K in a diffusion plant. The shielded 
fuel element according to this invention provides 
analogous improvements in reactivity and average 
25 conversion ratio to such mixed Th 232 -U 238 fuels as 
it does to the Th 232 fuels discussed above. 

In addition to the plutonium isotopes described 
above, which constitute the preferred shield mate- 
rials, other fissionable or fertile isotopes, including 
30 Np 23 ?, Np 238 , and Am 2 * 1 , have similar effects. 

Other partially satisfactory alternate, although 
temporary, shielding materials which can be used 
are burnable control poisons. These poisons burn 
out as reactor irradiation continues and thus serve 
35 to control and shield the reactor temporarily. The 
most suitable of these are poisons which have 
neutron absorption resonances just above thermal 
neutron energies which are large compared to 
their thermal neutron cross sections. Applicable 
40 poison materials which meet this requirement in- 
clude In, Te, Ru, Ag, Cd, Cs, Sm, Eu, Dy t Ho, Er, 
Tm, Hf, Ta, Re, Ir, and Au. However, it should 
be noted that this type of shielding material is 
not equivalent to the flissionable or fertile U and 
45 Pu isotope shielding described above because its 
shielding effect decreases with fuel irradiation 
and because the Th 232 conversion may be decreased. 
Nevertheless, in some applications this type of 
combined initial reactivity control and fertile ele- 
50 ment shielding is required in the reactor. 

It should be understood that either the shield 
element or the fertile element can be a slurry such 
as a mixture of sodium and a metallic (fissionable 
or fertile oxide, or a fluid such as a molten alloy or 
55 salt or a solution of fissionable or fertile material. 
Both elements may be such non-solid materials in 
the presence of suitable structural or containment 
materials at the boundry between the elements. 
The drawings show suitable geometries and indicate 
50 these boundries. 

A particular embodiment of the present inven- 
tion has been hereinabove described in consider- 
able dctiil by w a y illustration. It should be 
understood that various other modifications and 
65 adaptations thereof may be made by those skilled 
in this particular art without departing from the 
spirit and scope of this invention as set forth in the 
appended claims. 

- 0 The embodiments of the invention in which an 
' exclusive property or privilege is claimed are 
defined as follows: 

1. A nuclear reactor fuel element which com- 
prises a body of nuclear fertile material containing 
75 Th 232 provided with an adjacent neutron shield 
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2. A fuel element according to claim i Lx. • havin « at ° m ic weights of fnL P ™i omum isotopes 

WMln, ThW lor conversion « In^arf./S: pmti «"- ' !,ld 

neutron resonances in the range 0 ? from abouf C °?, taCt wlth « a <* ^ ln Physical 

neu^nJx n^rons*! e^g£ 'ffff «™ ^^SSX ""2" * clai » T wherein 

substantially ^J^SS^ggJZZ an ? lurttanT P ° rt '° n M spaced W from said inn™ 
during the conversion. PtUre m PaM3 pre<en * 15 12. A fuel element according *„ , , „ 

«S ^^.^^ 3 wherein ^ -tile £tT^ti? »S 

6. A fuel elemenPacf ording to c!aK° n K • Pa233 ■* then U SP £S* rUcle emissi ™ to 

sa.d shield material comprises D £toni„ m W - erem prises Cueing ipuriSS XE*" 6111 Which com - 

amount between about n i !, P'utonium in an p a 2 M hv oa«inL fif f neutr °n capture in said 

Plutonium JoloD^hS^"' 1 '"! «'•»' 

»» to 241. " 0H * I « 5 ha ™« otomic weujht. oj from ... 




L 


